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Abstract
Spontaneous photon signals from four sites of a human subject suffering from mul-
tiple sclerosis were detected in 3600 bins of 50 milliseconds by a photo multiplier 
sensitive in 160−630 nm, before and after a session of colorpuncture treatment. Mea-
surements were made in 22 sessions over a period of 9 months. Each signal was ana-
lyzed to determine if it was a quantum signal in a squeezed state. The analysis first 
generates 10 signals of bin sizes (50 to 500 milliseconds at 50 millisecond intervals) 
by merging the counts at contiguous bins of the observed signal and then estimates 
three squeezed state parameters (r, θ and φ) in these ten signals and nine other 
combinations of signals. All estimations yield r = 2.72·10−10, θ = 101.91º and φ = 69.53º 
for TolX = 10−8 in every signal of a healthy subject. These are normal values of the 
parameters. Other values of parameters in a signal of any estimation indicate some 
ailment. The deviation from the squeezed state description of a signal is quanti-
fied by a new property, “coherency index”, which appears to be a good indicator of 
health. A session of colorpuncture treatment changed coherency indices of signals 
from different sides and provided relief to the subject suffering from multiple sclero-
sis. The changes in coherency indices and relief were temporary. Changes in coherency 
indices lasting for longer periods occurred after many sessions of treatment.
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1. Introduction
Holistic behavior of living systems is a basic prob-
lem of biology that has remained intractable de-
spite all living systems from bacterium to humans 
exhibiting it at all times [1]. The description of many 
properties of living systems attributed to “life” re-
quires cooperative and coordinated functioning of 
biomolecules, a hallmark of holistic behavior. The 
origin of cooperative functioning has not been found 
and consequently, the canonical framework for 
characterizing holistic behavior is unknown. One re-
sorts to a phenomenological description of holistic 
behavior, in which some anomalous features or phe-
nomena remain unexplained. Two unexplained but 
widely observed holistic phenomena are spontane-
ous biophoton emission and the curative capability 
of holistic therapies e.g. acupuncture. Spontaneous 
biophoton emission [2] is the incessant the emission 
of photons of ultra weak intensity mainly in the vis-
ible region by a living system. The average intensity 
of the emitted signal remains constant until a change 
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in the system occurs. Almost all living systems ex-
hibit this phenomenon. Constant average intensity 
and a visible range of photons are major anomalous 
features. The conventional framework describing 
photon emission as a probabilistic decay of excited 
biomolecules cannot describe a biophoton signal, 
for any number of probabilistic decays cannot yield 
a signal of constant average intensity. Similarly the 
usual source of biochemical energy (ATP-ADP or its 
variant reactions) can produce photons only in the 
IR range and not in the visible region. Acupuncture 
is a widely practiced mode of holistic therapy, in 
which a short and mild physical stimulation trig-
gers physical and psychical changes in a subject. 
The physical stimulation does not involve punctur-
ing of skin in colorpuncture; instead, colored lights 
of intensity similar to a torch lamp are beamed to 
the dermis at acupuncture points. It is difficult to 
understand how a mild external stimulation leads 
to biochemical processes that improve the health 
of a subject. It is suspected that acupuncture acts 
at the holistic level on a subject and physical and 
psychical changes in the subject merely reflect the 
change of its holistic state. The change in the ho-
listic state will affect other holistic phenomena 
like spontaneous photon emission as well. The two 
phenomena, acupuncture and biophoton emission, 
appear linked if living systems and their spontane-
ously emitted photons are described in the frame-
work of quantum field theory which was developed 
in the last century and is extensively used in phys-
ics. The description is based on the phenomeno-
logical assumption [3] that every living system 
exists along with a photon signal in a squeezed 
state [4] specified by four real parameters [5], α , 
r, θ and φ. The assumption correctly describes the 
shape and photocount distribution of a biophoton 
signal as well as many other holistic phenomena. 
The four squeezed state parameters are holistic 
and measurable characteristics of a living system 
[6]. The parameters are sensitive to many physio-
logical and environmental factors and have been 
determined in many samples of lichens, leaves and 
seeds. The parameters have also been determined 
in photon signals emitted at different anatomical 
locations of the human dermis [7]. The determina-
tion of these parameters in human subjects indicates 
the possibility of the same values r, θ and φ in dif-
ferent signals [8]. We shall call these values of pa-
rameters normal values. The parameters of signals 
from normal healthy subjects have normal values. 
We realized the importance of the normal values 
after determining the parameters of signals from a 
sick subject undertaking colorpuncture treatment. 
The parameters of signals from palm and dorsal 
sides of both hands of the subject were very dif-
ferent from normal values before the treatment 
but were closer to normal values after the treat-
ment. We monitored the signals of the subject in 
22 sessions of treatment between August 2007 and 
April 2008. The results of the monitoring are pre-
sented in this paper.
2. Materials and Methods
2.1. Measuring system
The measuring system has been described many times 
earlier in the literature [9]. The photon-counting 
device of the measuring system is mounted on a 
movable platform in a special light-tight darkroom 
(2.5 m ˜  1.2 m ˜  2.7 m) that contains also an examin-
ing bed and a stool. The control room is adjacent to 
the dark room and it contains electrical equipment 
including a high voltage supply, shutter controller 
and steering system of the photomultiplier tube 
(PMT), an air moisture filter, a cooling unit and a 
computer system for data acquisition. The PMT is 
EMI 9235 QB (selected type). The position of the de-
tector can be manipulated to an accuracy of 1 mm 
in three directions by a steering sys tem. The PMT 
has a 9 cm-diameter ring at a fixed distance. The 
distance of the ring from the hand was 2 mm in all 
measurements. The photomultiplier has a spectral 
sensitivity in the range of 160−630 nm with two 
peaks of 30% at 200 nm and 350 nm. The tempera-
ture of the photomultiplier was maintained at −25°C 
to obtain optimal efficiency with least electronic 
noise. The dark current of the system was mea-
sured with the shutter closed and is around five 
counts per second. It is different from background 
noise mea sured with open shutter and that varied 
from 7−17 counts per second.
2.2. Measurement protocol
The subject was a woman suffering from multiple 
sclerosis, who agreed to participate in our scien-
tific investigations. She agreed to two other physi-
cal investigations before and after a colorpuncture 
therapy session. The two physical investigations in-
volved regulations diagnosis [10] and spontaneous 
photon emission from the palm and dorsal sides of 
her hands. Regulations diagnosis took nearly 10 min-
utes and measurement of photon emissions nearly 
20 min utes. The subject sat on a stool in the dark 
room and placed her hands in front of the photo-
multiplier for the measurement of photon emis-
sions. She was dark adopted only for 5 minutes and 
then measurements of photon signals emitted spon-
taneously from the dorsal side of the left hand, 
palm side of the left hand, dorsal side of the right 
hand and the palm side of the right hand were 
116 R.P. Bajpai, M. Drexel
made one after the other. The measurement of each 
signal consisted of counting the number of photons 
in 3600 consecutive bins of 50 milliseconds. She 
then came out of the dark room for a session of es-
ogetic colorpuncture therapy con ducted by a qual-
ified practitioner in accordance with the scheme 
of Dr. P. Mandel [11]. In this therapy, lights of dif-
ferent colors illuminate specific points on the skin 
of a subject in a prescribed sequence. The set of 
points and sequences of colored lights illuminating 
each point depend on the ailment and the condi-
tion of the subject. The lights for illumination are 
produced by a battery-operated hand-held special 
torch, into which colored interchangeable rods of 
quartz are inserted. Each quartz rod has a pyramid 
focus tip infused with some natural dye. The dyes 
are different for different rods and they emit light 
of characteristic color bands. The infused dyes are 
such that the spectrum of each tip has a unique 
broad band in the visible region and many narrow 
bands in the infrared region. A rod is specified by 
the color of its broadband. The torches used in ther-
apy were a visible range Light Pen Perlux P117 with 
“Soul-Spirit Colors” and “Gray Colors”, an infrared 
pen (IR-950) and a UV Pen [UV-370.Ref.(11)], which 
give detailed specifications of these esogetic prod-
ucts. The original products were used in our ther-
apy sessions. Various products are attuned to each 
other and the results of therapy from these prod-
ucts have been reasonably well known, for some 
decades, to practitioners. A practitioner determines 
the sequence of colors and points for illumination 
after examining the subject and also the Kirlian 
photographs of the subject’s fingers and toes. A se-
quence contains different colors for illuminating 
between 5−15 points. Each point is illuminated for 
10−20 seconds. The prac titioner treating our sub-
ject generally used three sequences of colors in a 
therapy session. The sequences and points were dif-
ferent in different therapy sessions. The points se-
lected in any therapy session were located on the 
subject’s face, left and right spine, back, abdomen 
and feet. There was no point on either hand from 
where photon emissions were measured. The dura-
tion of a therapy session was approximately 15 min-
utes. The protocol described earlier was used for a 
second measurement of photon emissions after 
every therapy session. Back ground noise of photo 
multiplier was measured in 3600 consecutive bins 
of 50 milliseconds with shutter open and without 
the subject after the second measurement.
2.3. Principle of data analysis
Every observed signal consisted of a series of re-
peated measurements in contiguous bins of the 
same size. A series of measurements determines a 
set of probabilities { nobsP  n = 0, 1, ..., nmax}, where 
n
obsP  
is the observed probability of detecting n photons 
in a bin and nmax is the maximum number of pho-
tons detected in a bin in the signal. Every observed 
signal contains photons from two sources, the living 
system and background noise. The set of probabili-
ties corresponding to photons of the living system 
is represented by { nsigP } and of background noise by 
{ nbgP }. The set {
n
sigP } is not directly measurable but the 
set { nbgP } is. Since photons of a signal and of back-
ground noise arise from independent processes, the 
observed prob ability of detecting photons is a con-
volution of the probabilities of signal and back-
ground noise i.e.
 obs sig bgP P P .⊗=  (1)
The eq. (1) can be solved iteratively to obtain 
probabilities of pure signal. The iteration cumulates 
the error of measurements and is not practicable. 
Psig can be calculated if its quantum state is known. 
We assume that the photon signal emitted by a living 
system is in a squeezed state ,α ξ , which is speci-
fied by two complex parameters α and ξ or equiva-
lently by four real parameters, giving magnitudes 
and phases of the two complex parameters so that 
α = α  exp (iφ) and ξ = r exp (iθ). All calculated prop-
erties of the signal in squeezed state ,α ξ  are ex-
pressible in terms of these four parameters. The 
average number of photons counted in a bin gives 
signal strength (ksig) and its calculated expression 
ksig(cal) is:
 = +
2 2
sigk (cal) sinh r.α  (2)
The calculated expression of probability nsigP (cal) 
of detecting n photons in a bin is given by
 
2
n
sigP (cal) n , ,= α ξ  (3)
where n  is an eigenstate of number operator with 
eigenvalues. The scalar product of number and 
squeezed states for a single mode photon field is 
given [5] by
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where α∗ is the complex conjugate of α and Hn is a 
Hermite polynomial of degree n. The calculated 
expressions of signal probabilities are convoluted to 
obtain the calculated expression of observed proba-
bilities nobsP (cal) i.e.
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(5)
The strengths of observed signal and background 
noise are definite numbers in a measurement given 
by average counts per bin in the two cases, whose 
difference is equal to ksig that again is a definite 
number or constant in a measurement. Equating ksig 
to ksig(cal) in eq. (2) one obtains α  as a function of r 
and ksig and only three parameters r, θ and φ specify 
all properties of a squeezed state photon signal of 
known intensity. These parameters are estimated 
from the measured probabilities of detecting dif-
ferent number of photons in a bin. The estimation is
done by minimizing the function ( )∑
n 2i i
obs obs
i 0
P P (cal)
=
−
using fminsearch of MATLAB with TolX = 10−8 and a 
starting value α = 0.1 + 0.1i and ξ = 0.01 + 0.1i.
The squeezed state parameters are character-
istics of a signal and are expected to be independ-
ent of the bin size in a measurement. Measurements 
of a squeezed state signal made with different bin 
sizes must yield nearly the same estimates of param-
eters. It is a test to ascertain whether a signal is in 
a squeezed state or not. The test appears difficult 
in human subjects because measurements with 
many bin sizes are problematic. A human subject 
becomes tense and starts changing position after 
3−5 minutes. Only one measurement with bin size 
of 50 milliseconds can be made in this duration. We 
circumvented this problem by generating the signals 
of higher bin sizes from the signal measured with 
the bin size of 50 milliseconds by merging the ob-
served counts in its contiguous bins. The observed 
signal of 3600 points with bin size of 50 milliseconds 
generates a signal of a 100 millisecond bin size with 
1800 points by merging the counts of two contiguous 
bins. The merging of counts from two to ten bins 
yielded the signals of bin sizes (100 to 500 millisec-
onds at 50 millisecond intervals). The squeezed state 
parameters were estimated from ten signals (these 
nine and the original observed one). In addition, 
squeezed state parameters are also estimated as 
common parameters in nine combinations of signals 
obtained by adding the signal of the higher bin size 
to the observed signal one by one. A combination of 
signals is identified by the highest bin size of the 
signal included in it. The 19 different estimations 
yielding the same parameters justify the assump-
tion of the signal in a squeezed state.
3. Results and Discussions
Figure 1 depicts the parameters r, θ, φ and 2α  from 
19 estimations of four signals emitted from the 
palm and dorsal sides of both hands of the subject. 
The signals were detected just before the colorpunc-
ture session on October 29, 2007. The parameters of 
signals from the same locations detected after the 
session are depicted in Figure 2. Figure 1 shows 
that the signal emitted at the dorsal side of the 
right hand has r = 2.72·10−10, θ = 101.91º and φ = 69.53º 
in all 19 estimations. These are normal values. The 
signals of the left dorsum, left palm and right dor-
sum respectively did not yield normal values in 
five, three and 17 estimations. The treatment ses-
sion significantly increased the number of estima-
tions yielding normal values of parameters. The 
signals from the right dorsum and left palm yielded 
normal values in all estimations, while the signal 
from the left dorsum was normal in 17 estimations 
and from the right palm in 16 estimations. Figure 2 
further shows that common parameters always 
have normal values. The two figures are represent-
ative of our results observed in 22 sessions over 8 
months. Changing the order of measurement of the 
left and right hands did not affect the nature of 
the figures. A false treatment without light did not 
alter the signals and parameters were similar to 
those depicted in Figure 1 and not to those depicted 
in Figure 2. The subject, however, did report im-
provement after the false treatment. The signals 
yielded normal values in more and more estima-
tions during the course of treatment, which prob-
ably indicated a slow and steady improvement in 
her ailment. The improvement in our patient’s 
health inferred from biophoton analysis was in 
agreement with the inferences of regulation diag-
nose. The treatments were stopped after the sub-
ject reported feeling better and the number of 
estimations giving normal values did not increase 
after the colorpuncture therapy.
The figures also depict 2α  in different esti-
mations. 2α  increases linearly with bin size in both 
figures. As r is too small to contribute significantly 
in eq. (2), 2α  is nearly equal to the average counts in 
a measuring bin. A linear increase in 2α  depicted in 
both figures is a consequence of a linear increase 
in bin size in measurements of the signal obtained 
by merging counts of bins. The lines depicting 2α  
are of different lengths and slopes which indicate 
that signals at four sites are of different strength. 
The effect of the colorpuncture is not the same on 
all signals; it increases the strength in some signals 
and decreases in others.
The normal value of r quoted earlier is probably 
at its upper limit because its estimated values 
change with the change in TolX, the tolerance in 
values of estimated parameters used in the pro-
gram. The quoted value was obtained with the de-
fault setting of 10−8 used in the analysis. We varied 
TolX from 10−13 to 10−4 in the estimations of pa-
rameters of the signal emitted by the dorsal side 
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Figure 1 Squeezed state parameters of photon signals before colorpuncture: The squeezed state parameters esti-
mated from a signal are depicted against the bin size of detecting the signal. The bin size is depicted in units of 0.05 ms 
because it gives the number of contiguous bins merged for obtaining signal of higher bin sizes. Symbols depict the 
parameters of a signal, while connecting lines without symbols depict parameter common to signals of lower bin sizes 
as well. The symbol of 2α  is , r is , θ is  and φ is . The graph is divided in four regions and each region mentions 
the site whose parameters it depicts.
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Figure 2 Squeezed state parameters of photon signals after colorpuncture: The squeezed state parameters esti-
mated from a signal are depicted against the bin size of detecting the signal. The bin size is depicted in units of 0.05 ms 
because it gives the number of contiguous bins merged for obtaining signals of higher bin sizes. Symbols depict the 
parameters of a signal, while connecting lines without symbols depict parameter common to signals of lower bin sizes 
as well. The symbol of 2α  is , r is , θ is  and φ is . The graph is divided in four regions and each region mentions 
the site whose parameters it depicts.
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of the right hand before the colorpuncture session. 
The changes in TolX only affected the value of r 
but not of θ and φ. Nineteen estimations yielded 
the same value of r but the value was different for 
different TolX in the range 10−4 to 10−13. However, 
at TolX = 10−13 different estimations yielded differ-
ent values of r; these values were of the order of 
10−15. Changes in TolX did not change in the minimum 
value of estimating function appreciably, implying 
that estimations with different TolX are acceptable 
solutions.
The same values of squeezed state parameters 
in 19 estimations based on measurements with ten 
bin sizes (50 to 500 milliseconds at 50 millisecond 
intervals) in a signal proves that the signal is in a 
quantum squeezed state. The signal detected near 
the skin of the dorsal side of the right hand is such a 
signal and is not an exceptional case as we have a 
database of more than one thousand signals that 
yield normal values of squeezed state parameters 
in 19 estimations.
These signals are of different strengths. Other 
living systems like lichens or seedlings emit spon-
taneous photon signals in squeezed states with dif-
ferent parameters.
The two figures vividly demonstrate that a sin-
gle session of colorpuncture increases the number 
of estimations yielding normal values of squeezed 
state parameters. It can happen only if this session 
of colorpuncture treatment changes photocount dis-
tribution, which is a holistic property expressing cor-
relations in photon emission during the measuring 
interval of 3 minutes for each signal. The effect of 
colorpuncture is not the same in all signals; some 
signals are unaffected while others are differently 
affected. The two aspects indicate that colorpunc-
ture act on a holistic level. Colorpuncture probably 
affects the entire body almost instantaneously, 
even though we detected its effect only at four loca-
tions after an interval of 15 minutes. Colorpuncture 
sessions also provided relief to the subject. Perhaps 
the health of the subject and signals yielding nor-
mal values of parameters are linked. A signal not 
showing normal parameters is an indication of some 
abnormality or ailment. The duration of showing nor-
mal parameters after a colorpuncture session was 
not measured because the subject did not come every 
day. More than a week later the subject was in an un-
healthy state when she came for subsequent treat-
ment when the improvement measured after the 
treatment had subsided.
The limited number of measurements indicate 
that a signal from anywhere around the body should 
yield normal values of parameters in all estima-
tions in a healthy subject. Our method is therefore 
a noninvasive technique of identifying a healthy 
subject. The method opens up the possibility of in-
vestigating the efficacy of all therapies-holistic or 
molecule based on one non-invasive platform. The 
spontaneous biophoton measurement provides a 
new framework for understanding and investigating 
therapies.
A signal showing normal values of parameters in 
a few, but not all estimations, is probably not in a 
squeezed state. It is not certain if such a signal is 
in a pure quantum state either. It could be in some 
other quantum state, a mixture of many squeezed 
states, a mixture of a squeezed state and a classi-
cal state, or in a classical state. Normal values in a 
few estimations do suggest that the signal still has 
a remnant of an original squeezed state along with 
some additional component. We suspect the addi-
tional component to be classical and incoherent 
because of its suspected link to an ailment. We, 
therefore, propose a coherency index of a signal 
based on our analysis. The coherency index is cal-
culated by assigning points to various estimations. 
One assigns (11−n) points to the estimation yielding 
normal values in the signal obtained by merging n 
bins and (n−1) to the estimation yielding normal 
values of common parameters, in the combination 
of signals specified by the bin size of the signal ob-
tained by merging n bins. The sum of points of nine-
teen estimations divided by one hundred determines 
the coherency index. We have restricted our analy-
sis to merging up to ten bins because the maximum 
number of points of a signal is 100 and it simplifies 
the calculation of coherency index. The coherency 
indices of four signals depicted from left to right 
in the figures are (0.78, 0.78, 1.0 and 0.12) before 
color acupuncture and (0.85, 1.0, 1.0 and 0.80) after 
color acupuncture. The values of these coherency 
indices before colorpuncture session were (0.45, 
1.0, 0.87 and 0.32) at the start and (1.0, 0.77, 0.92 
and 1.0) at the end of our monitoring. We suspect 
that coherency index greater than 0.85, in the range 
(0.50−0.85) and less than 0.5 respectively indicates 
normal health, mild ailment and severe ailment. 
The coherency indices should be determined at many 
sites of the body to obtain the coherency profile of 
a subject and is likely to be a better and detailed 
indicator of subjects’ health.
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